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Death before inatarity is the usual fate of the 
untreated crawling crippled child in developing countriee. 
Most Children with poliomyelitis* however# when upright# 
and waDclng with supports or following operaticma are 
accepted by the cooiDunityf ©dt^ated by par^its and 
relatives and employable wh^ they TOMJh maturity. 


Poliomyelitis is a generalised infectlcm which may 
involve the whole body# including the muscles directly 
and liver# spleen and gut in acute stage# The central 
nervous system manifestations# hcwever# with the 
involvement of brainstem and anterior Iwm cells ©f ttm 
spinal cord are the aaly permanent manifestations of the 
systemic disease* , The residual effects of poli<»y®^i'^® 
are due to destr»wtl<» of the anterior horn cells of tJwi' 
spinal cord and the brajhi stem* This causes a lower motor 
neurone type of asymetrical flaeccid paralywls with noawil^ 
s«»sations* The muscles affected dep«id upon level of ^^the 
spinal cord involved# but the paralysis tends to affeOt, ' 
certai*i. muscle grcui$w more often than others «»d the / 
loWer llaiis ' are 'more oftma involved thmai the upper ■ 

' ' ' '' 'tim of en year of treatment# the pemm^mat 


rarely 


ahd ' Usability is known* Except in a very few 


if 


Lkelv 


no further 

ormtinuaticm of physiotherapy# muscle power 
,,ii^.,wichsttged# , , \ 



^ 0 ■ 

One® paraimi^ot paraly»i» is established# no farther 
improvement can be exp«ict«d by natural ineans. Treatment 
is directed towards prevention and if necessary# 
correction of deformity and use of reconstructive 
surgical procedures that may «Jhance residual function. 

The severity of paralysis following an attacb of 
acute anterior poliomyelitis shows extrmne variation. 

At one end of the scale# the patients may show paralysis 
of only one or two muscles which may recover completely# 
at ■ the other end there may be paraliniis of almost all 
four limbs and trunlt# The distribution of paralysis ^ 
shows at first sight no logical distributive# it ,istih**'h 
related to nerve root or peripheral nerve distributioet 
and the loss of power 1® any musole may be of ^y 

from sli^t paresis to complete paralysis# , . ■i.; ■ 

„ It is the objeot oi this study to review this 
distributioo '.of paresis 'and paralysis in the iwiscles.jOi . 
lower limb# trunlc and i)®per limb# to iwccnmt for its ;; 

in terms of the destruction of motor nerve 
cells Ih'the spinal. 'oord*. to*indloate*the preotio^;|| 
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acticwi# the weiilt one may show# Instead of lmprov«m«(it# 
a progressive loss of power over a period of years* For 
example# without special treatment a weak muscle such as 
the tibialis anterior may gradually deteriorate# become 
unduly lengthened# and allow the opposing gastrocnemius 
to become shortened* 

In these instances# we have a situation# which may 
lead to progressive deformity unless# appropriate 
therapeutic measures are taken. There may also be 
progressive loss of muscle function by prolonged 
immobilization and through overstretching* in the late 
Stages of the disease# even as long as XO years after , ,4' 
the onset# it is possible to Increase muscle strength 
progressive resistmice exercises* Although the 
percentage ingreese,, of muscle strength may not be great 
by these ,metl»ds« the improveeiont in fwcticn is often 
gratifying^ enabling the patients to do away with braces: 
or otl^r 8W>rtSt end to carry on various mUrlUmm 

with,«i»»»b less fatigue# ■ 

A i po tfteir 'fhsnoiaenon idiich has biwn included , in 44",. 
present atudf, is of associated paralyses#, sos^; wjscles ■, r 
or, muscle'^ groups have a twd®icy to be affected or 
ejl^ired /together# These observations have.'lmen ,eppli^ : ; 

'"prognosis in individual patients and hev# ,bei»^ found 
to tm valuable in making decisions about ^^^e manageiaent 
. of paralysis# A patient with paralysis of the quadric^# 




at m mrly data during tha ccmvalascent stag*. These ^ • 

atuscles have t«id«Macy to be involved together. Usually 
when both associated mui^les are paralysed the prognosis 
for ip»dric«p8 nwovery is very bad. Therefore caie can 
safely predict that the quadriceps 1» not going to recover 
and thereby render the expensive caliper useless. On the 
other hand when both associated muscles are paretic or 
normal# there is an excell«sit prognosis for all muscles 


including quadriceps. 

The irregular or j»tchy involvement of muscles 
intact sensations is the characteristic of polio^litlS"''.' 
which distinguishes it from other neurological disorders. 
This pattern Offers great advantage to the treating 
anrgeco for i>he may select an appropriate muscle ^r 
the redistributloii of muscle power in the otherwise 
normal list). The Icnowledge of the frequ«tcy of involve-;, 
sent of various muscles may be of great help in these 
redisteihu'^oii of muscle power^ proeetores. Kesping this 
in mljid • stu«3^ he* he^ proposed to find owt^ the^^ 
Involves^t of virion* wm^lm and to Identify any 
palter® : 



and 


T;l|; 
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2# To indioato th« practical applicatlcm of th® 
findinga in the manag«Bient of policsayelitls, 

3» In clinical practice a Btudy of the dlatribution 
of muscle pareais and paralysis may be of help in 
the diagnosis particularly of pollanyelltis 
without any history of fever and in the prognosis 
and management of these cases* 



(REVIEW 
OF LITEI?ATUf?E 



HISTORICAL ASPECT 

I^liOHiywlitis is said to have oocured nearly 6000 
years ago in the time of ancient Egyptians# the evidence 
for this# which is not yet fully proved# is in the 
withered and deformed limbs of certain Egyptian mumies 


(3700 B*c*) * In 1500 • 1350 B,c# the priest Ruma was 


shOMS Oil a plague with a withered Ic^ and eqiiihus foot 
which was probably poliomyelitis# 

In 1559 a painting by Pieter Bruegel# showed a 
crippled immmt whic^ mi^t not nectessariiy be polio# > 'tf| 
though it probably did occur during this period in ' 
England# In 1709# there is first Imown deswtription of 
poiienyelitis Tei^ Onderwood* 

" ' 'Pbiidiiyelitis was recognised as clinical entity 'in 

iv 

the first half of the 19^ century# Oixtbrealni were laporteli ; 
by Badham in Englind in 1@34 «ad hf Calmer in OAA in Solit'V'' 
iron Hein# published his mcmograph describing the clinical 

I 

as^abtb Of "the ' 'disease in Osjoiany in 1040# 'first epideMlo, 

' ' . ’1 f'i.. 'f ' -V 

of policMiyelitis occured.in 1@34 in the Island O'f ftt# 


Helena* iMrger .Ofi^amies appeared at the^ end of 'Hie' |fth 

' ' , ‘I 

century in scandlna^a and subseguently in Horth iJiMirice# ^ ' 
Australia and 'Hewseal and ♦« sporadic outbreaks oontinuec i 

v: : ' ; ; 'mimm 

Great Britain# with first major ii^deiHie in '1947*: 

''Iff- %,i'. ;i', 

the Scandinavian countries 'and in the tkiitOd. States''"''::') 


' • ' ' '' ' '' 

i^demies .Imve Oocured# but with "the'vi;'';* 
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imnunizaticm prc^raixsnes using both the eallc and sabin. 
vacxiliieSf no large scale epidemic has occuriKS recinsitly* 
The patJ^logioal process in poliOBsyclitia with th® 
in-^'OlTivaent of the anterior horn cells of the spinal 
cord was first described hj Dtwhmne in 185S» 

PlITIAb PARALYSIS 





paralysis' at 


cocan^la# one ^ 
the height of: 






The most Important and the woet interesting feature 
the disease is ' the muissle paralysis mad its seguelae.* . ^ 
Zn "fact* di'scorery of wealcness or paralysis in one 
or more musclee may be the first certain sign that a 
patient is suffering from acute anterior poliomyelitiiS'r.v. , 
at all* The paralysis usually reaches its 'maocimtsa seferity 
within 40 hours though it may in some cases conteinue to 
increase or i«iK>lwe other Ihabs over the course of 
seweral'. days* Owtasionally a second wawe of. paralysis 
may follow a iMMdE or more after the coeplete siteidence 
of the Initial bout of pNaralysis* ei^peeiiilly if the 
has been aHowed tC become asabulant tod socm* 

muscles ‘in ""a'' limb* to complete cr ua4r .|pl.eci a # 
for those who arsioetaosiwely aff^stad# the .level Cf ,i' 
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actiirity to alnioat eirery mtiiKsla aft«r 2 or 3 ‘m®'k9» %rt4ile 
tha aquidly affaoted oj^sit:® Itob may ramaiii con^letoly 
and perraaiiontly paralysed* 

MUSCl^E BBCOVERT 

ttad of t±i« fourth weeic is a convenient time at 'which 


to make a detailed aaeesament of the residual paralyses 
and parases relevant to the future state of limbs. At 
this stag® patient has recovered from the effects of acute 
illness as such and much or all of pain and tmdemess 


.in muscles has subsided* This wojde ms done 1:^ sharrard 
(1957)* He studied the recovery of mmoles to upper and 
lower Itobs* it was. rapid between the end of the first 
month and iiie m& Of the second* 

After thlS' the recovery rate steadily diminished ; 
tsniil. at tlus tMwdLfth memth* tor practical purposes 
recovery ceased* A small further increase to power can 
result in mleeted museles if they are given totansive ' j.,: 
muscle training the ^d of the second year* l^t it ' 
is toiibttol* mmmi in ^ particular instances* whether ^ this, 
inaH' amciuit of'ertra power is worth o^a.'iw.iwiw beeauiiS' it'' 

'SaW'''"‘*v?yiwiE '■"fT'TT "T-'vi' ^ 'SIr'w'wp 'sireaaw fppf wijipi iifiPm'' i ^ 

wll®Il Ulafi 

'few©' 'In 

“ ■"T Tpus” flp ’VRar "iupff pwf ™“ Taw’'w*e''ipa" pep- ^psp emw esweap* "eis» A ^iippiilMm ■’eupSTiRSi eem ji|y opie sssif ^ppilfepNIfe TWil’*P*|P 

dual muscle .ever' ocoured provided that the -.patient had 


aver' ©cou»|d provided ^^;^at the; patient had 
pr^»«rly and^that no .deformity:, .had .arisen. 
S ClOSti torther laade it ‘clear that these' 
f tO''tlie recovery of musics and 'not to 


Sh 
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functional racovary in a litab or in m patiant a« a whola 
which somatJaM!* go&B oa for Icmgor th«j two yaara although 
the stTiSigth of individual lausclea does not increase* 

Theee findings of sharrard referred to |»r«tic 
muscles i*e« stuscles that ere active however weak they 
may happ^ to be* The prognosis for recovery in completedy 
paralysed muscles is quite different* 

Front the earliest days of disease# a certain propor- 
ticai of muscles destined never to recover because they 
have completely lost their nerve stwly* Others have 
retained a ntsidber of notor nerve cells# are r . 
temporarily out of eeticai* 

Sharrard '.further showed that muscles that are 

ii'te MdiiS &£ first month 63 percisit never 
reodver# %dtile the remainder will begin to functioit 
again 'With '''time and treatment* 

Among mml; W«t ««. «:U1 nanlj*** .t th* ,«(I pt .j,! 
fourth iMnth ^ pereent remmin paralysed permmiantly#' and'.i. ' 
at and :gf steh «Banth,,|his figure is raised to 
peroi^f;9he S percent that dO' show some recovery af^ter' 
this, sad^dtii achieve im>re than a flicker of ccntJhwtIhn* r 
Thus ^’WhC'' fourth awnth marks the and of the period after 

'''llh|C]ii e.;foe^etely .paralyses muscle may be «»cpected to 

if'''',,''", ' ", f- 

function* 

The destruoticss of motor cells -in the :;^lnal"cord has 
hmen shown to occur regionally end focally (Elliott* 1942) 
and Sharrard# ftS35* A coasequ^ce of this. is that one 
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0^ t>f.« «lio<wvi'' n pwemttiMnis^ 


result from m’0ttmk of pQliaayol£ti»: it 
the beli«£ titUt «CM oi^«ir «3d.Bt8^ 
irregular distrllwitiaa of the immanent ‘''parelyeie 
ejqsreaeed Jb^ authors* ' tflctona® (1913} < stat 

“althoti^ a grsat '-'irariety of cc^ktaatlw "of __i>arai: 


ean Imow about the complete loss of all th« motor cells ' 
supplying a mxmlet» if there is contplete paralysis in 
muscles staipplied by the same and adjoining spinal cord 
segments* Thus the presence of cmqplete paralysis of 
the quadriceps ^^2^3,4^ tibialis posterior 
indicates that a tibialis anterior <b^) which is also 
completely paralysed is very unlikely to rmoiv&r* 

To sum op the idiole process of recovery Sharrard 
gives a very beautiful example* In’ his words "It is 
. rather like the devel^^pment Of a negative in photography* 
but cm a much longer time scale* During the first wocith 
the picture is quite unrecognisable^ but betmeeit than 
and the fourth imitli* the main outlines appear* At the 
fourth laenttli we can see what the picture is but it ^ : 

rst^^iires yet more time 'before the image becomes quite . ^ ' 
cleair'''a«td the 'edges wall defined* The picture is imlXf \ 
developed by the twelftli mcntthf the patiisit 
what is, some times' »i«imed the chronic stage 'of 
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artt found# eortidii tjpmM appoar nK>xii oftan than otharsi in 
the leg the peiDoneal group and certain mueelee of thigh* 
in mxpmrlmom the gnad'Xicepe femorie e»peeiail 2 f>*t«iid 
to be implioated"# 


j^t firet eight tliM pattern seems to be differMtt in 
mifmxj case and to be quite haphassard in its distributicm 
but as Lovett {1915# 1917) and Legg (1929# 1937) described 
all is not quite as disorderly as it would scat* to be. 
Sharrard (1955) studied distribution of penaanent 


paralsisis in 149 patimats# There were 2000 limb muscles 


that were eithet paralysed or ja^tie at the and of th*' 
IMirlod of reocsvery# He showed with the help of tables 
how frequently individual muscles were affected* The 
quadriceps# hip abductors and inner hfasstrings were ; 
oft<Kt affected# the leg a»iscles less often and the 
intrinsic muscles of the foot the ^ least frequently 
affected*: Xn tiM me grotip of patimats the situatioii . 
of muscles 'that hM iaiiiain«^ permanently 'pytralyiMd 'i#is 
ali^st Mpersed* Tibialis anterior* tibialis posterior , ^ 

and til#' long": flesors ms mrnmmmt of thO'toes led"ilt'j;'‘''i'’„ 
fre#isnCyf 'ehile the hip and thigh muscles sere much''", 
less. Ofl&th' pa'talyaed* The Intrinsic muicles 'Of ' foot' 


though# the least often paralysed as well as the least 
often affected#*,, ' - ; A : ' 






ird almo determined -the -ratio,,,, of paralysis to 
tables ehich showed ^he^^ su^eptiblllty of each 
paralysis*, ISie tibiales' and long ^'flexors and 



extmaorii of the toes imre very susceptible# the addu*> 
ctors and glutens maximus the least* Tibialis anterior 
was .:'S«v<e!i times as liJcely to be paralysed as the hip 
adductors ©r flexors and twice as likely to be paralysed 
as the peronei* According to him these were absolute 
' values Of considerable significance and can not be 
esqglained by the aechanlsm of chance* 

AGg AND SSX MSTRIiUTIC^ 

The chareoteristics of the disease have altered and 
poliomyelitis can no Icsiger be regarded^ as truely .infan** 

tile* ihe change in age group of patioats is illtistreted ;g 

■■ ■#! 

by statietiee in the state of massaehusetts idiere in 
only seven percant of pa'tiwits were over IS years of age 
COB®»ared with 2% percent in 1947*. l*«gg <1929) worked out 
eg# sen incidence# According to him average age of 
patioat' wee' S*4 pHtre* The males predominated in all 
yearn enept at four and five whoa the feoml^Ni predeniinaf*^ ' 
ted end at i® ■ when they were equal* Instances of more , ' 

'-mim-iM the mim family occured $2 times in TSS^,,!: 
.^flMlliaS'' C4#2; laM family had four^Chil'drau 

sSfw. jtt dfi !«ib jiriiKwIb tjaibaJiJK > ' i ' 

''' 

; study carried out by ixi 199,2' rewi* 

>'lill''..'.|5Pat 'ftwur recipi€»t*cas®s .were in patients under five 
.'fmm ^/ega mA- m percent were^in patients. uniSter .one, 
year of age* This age distributioa was obviously ralated 
to immaniaatlos «hedul@s ^ch in all coiantries requirad ' 
the Iramuniaatioii of infsaat in the first year of lif©*»* ■ 
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aaSIOWAL DISTRIBTOXOH 

Mid Samu®! (1917) atudiad 400 c&m» of antoxior 
pollomyelitia and iHti^phasissad aliout: ragicmal distribution# 
a large number of cranial nerre involvement and muscle 
distribution* 

Of the entire series 78 pefcent showed some involve- 
ment of lower extronities and 38 perc«it showed involvement 


of only one limb* Of this 10 percent were of upper «Ktr#- 
raity and 20 percent of the lower* In 20 percent of cases 


there ^ms some form of truiiJc paralysis showing that it 



had been quite a comrocai oocurance* The ri^t and the left' 
sides of the foody were equally attaciced* ' ■ 

The esctent of paralysis varied from a pert of one 
leg to involvMMtit of botli legs# both arms# both sides 
of ' the abdomen and ' bnck and alM> the larynx# 

In 1$ percent 'Of cases# the cranial nerves were 
involved# Ini six eases two differMt nerres 'tiers invfalye«| ’ 
at thS' same time# fhm 5th nerve was affected# one tlwei' 
the ith' nerre# ,imO|tlriei ttie'^^tth nerve# 18 timesi the loth 
nerve#;' ion*“ times;;, .a^ thi 11^^ nerve# 13 times# 

liOvett iClflt^ ^in his study, of iinf entile 'paralysis 
COoclud^ 'thSt most ccemon^'^ involvement was Of 'both ''legs# ^ 


a^^hmaiplegic: 
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wftfi (iUstinctls^ more eomaon thm one arm and on® leg <m 
opiJoalt® «id«»* 

In ®48 patients over 1 * 1 : 0 ® years of age affected in 
1916 epidemic# 72 perceaat %i®re paralysed in the abdcm«n# : 
According to liovett these unique findings were undoubtedly 
because «!candnatlcMi in every ease was Bade as to this 
point* The examination for paralysis of the back was not 
as satisfactory or as accurate as ii«>st examination and 
slight degrees of wealooess was apt to be overlooked* Back 


muscles involvdm«xt was 13*S percent* 

Neck paralysis has evidently been largely overlooked 
but frequently exists* In bov#tt*s study it was pressant 
in 11 percwst of cases* The normal pati^ent can lift the 
.head against a smsll force when lying <wi the back* 
weskness or paralysis ©f one or both stejowasastoid 
muscles wakes this impossible* 

bsgg Cltat) noticed that the legs always stssw a , 
Atieh' greater:' awount of involvement then the aims* idLth 
practically' lao MMt&smmm h&immm the right and. left 
sided* '■©•me*ailF#'*"''too*i,1die upper arw and the 'thigh 
'ShoW'a"'fr»litiMf amount Of involvement* This however*, did ' 
'not lw»ld\tihis' 'in ' regard . to the severity of ^'involvewMit# 
There .was no great dilferenge^'aeen.th the cw^rative 




severity of involvswint of upper. and 'lower, arms*' it was^ 
interesting that while the „tK£gh''' shows a 'greater amount: 

. . ^ A .A „...e. .jrtL 


total ' paralysis . is only 0*6 

•; '' ' ' ' --- ■ " ' ' " 

to 7^per©eot in the. Isgi'^ 
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PARTIAL VS TOTAIi PARAItYSl3 

Lovatt {1915> While coranenting upon natur® of th® 
paEmlftfia m«B«tion®d that partial paralyaia wa« nnKJh more 
cOOTiton than total# Of 1#452 muscle* affectwS 41# wr® 
totally paralysed and 1#036 partly# that is# the relation 
of partial to total paralysis was as 2#5 to one# This 
ratio of partial to total paralysis varied in individual 
muscles* 

h curious phesiowMMacsi was observed several times# - 
where part of a muscle was paralysed and other part not* 
This was observed in deltoid mu^le* where the anterior 
or posterior half might woric indep«idently ©f stlwt.othisr*:, 
Another muscle in which this was obs#CT#d was pectorali# 
major# where the sternal and clavicular parts were 
si^arated toy fancticii# ■ 

The preiMninence of' partial cpver total paralysis ..is>'/ 
of importanca* According to Lovett# the reason iPor^this*' 
would' seem to lie la the grouping and ralatioo of the ■ 
ii®nre,«ella,„l» the anterior cornua of the cord* Thee#' 
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200 In. iiiiaber. fhm pUm&s of destxucticm# tharefora ara 
1 Bcaljr to ba tnm«v®r«e, while th® linos of nerve centre 
aspoeisticm ere Icmgitudinal so that in the case of a 
muscle which derives its innervation from a groi:^ of 
nerve cells occupying several segments# a transverse 
lesion may well leave certain centres intact and scx»e 
power may reataain in the muscle*** 

This matter of partial paralysis is TOSt Important 
in the matter of treatm^t because in siKh muscles there 
rwnains some initiative and with it the po%ror of develo- 
ping more amsculnr volume and new association by 
repeated passages of In^mlses from brain to ibiuk:!** 

mmm . « fmm m 

iiccording to liOvett’s study# the muscles of the 
limbs neaTMit the tJettnk are sore frequently affected 
than the distal ''Onesi the left arm muscles are noticeably 
taore frequently affected thm the right* trhe leg muscles. 
in the right end left, leg ^ are equ^ly affected* ' . : ' 

'.■AThe:^ts of'", use of function •are that the 'right arm ‘ 
in much 'imore 'isstivtoly used than the left#, not gmly more • ' ^ 
frequahtly#, but al*« fo^ moro varied and complicatad ' 
'and filler iSoveii«Bts* But the legs are _<^ally used*; ' It , , ; . 
'.,^Ul4 theip'iore ' swan that muacles used ' imstively# contin- 
^''Udhi4y-„'^d .a 'Ccm^icated way are mor®'^- likely to escape 
than those less' used* or used for simpler* less''CGntinuou8 ' 
work* hovett presia^ that the blood si«^y would be more 
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£r«!« aJDomd feh® spinal centres wfeor® the motor activity 
was greatest and most complicated and i^rhaps less free 
where the motion were less freqnsnt aoid complicated* This 
would account for the predominence of left arm paralysis 
and the equal paralysis of both l^s« 

This also accords with the distribution of the 
paralysis in both arms legs* which has been shown to 
be moat froqumt near the trunk* The demands cm the hip 
and shoulder muiwsles are single and less continuous than 



tm the muscles of the lower leg and forearm or of the 
hand and foot* The latter are continuously active 1» 
lanall# fine ccmlicated movements* whereas the^ .larsP®** 
muscles nearest the trunk deal with the coarser and less 
frequent nKrvaawiiits* , The relatiim between the activity 
of' the prorlmal md .distal jmrts of a limb are not unlike 
those of the 10ft' and right arms in their relative use* ; 
It 'Seems probable from thase facts and this grouping vthat^ 
on the whole ssuecle centres given to finer# 

®s»,re' ' 'frO<|ns**t iaov«««»ts have a more active blood sugpfljr^ 
end'iuwi' less likely to attwik cm their .nerve oantros by 
the virus' of infantile |»ralysls than the centres of 
muscles' itunctloiilng in heavier* less ooi^icat^ end', 

'lehs Ireqiwht, poveaents* ' 

analysed S8 cases and pointed out 

;>v., 

about paralyid.s of arm muscles* In cases In tdsieh the 
muscles 'Of sktrenity involved 'Without paralysis 


iiiliiaiilMi? 
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ocouriitg at othar parts of tha "bo&y, it is im>re mmmrm In 
this region th«« vi^en the mui^ies of th® logs are also 
involirexS* Arm i;wal 3 fsis which is strictly regional is tmxm 
severe than arm paralysis which exists in ccxBbination 
with more general paralysis* 

Lovett concluded frcsn his study and said that the 
investlgtion of paralysis of tite arm showed - 
1» that the paralysis was most frequent at the shoulder 
and diminished in frequency from shoulder tO' the hand* 


2* that the paralysis was severest in the shoulder and 
diminished as oh# iMat towards the hand* ' / . ; 

3* Idhat paralyses of the muscles Of the left aacm was .ji 
very^ much more frequent than of the right arm* 

lArith regard' to 'peralyses of the muscles of lower 
liisto. the foots were observed# which aioa of 

laqorleiioo m 'Cmtrasted with the similar observation '/ * 
in the' aiem t» ■ ' 

i* Staral'yais was on the whole mors ft«qu«sit'at 'the 

hip 'lisd'' diminished in frequeiwy towards^ the foofei that is. 
''the ittdiOiiiWai' in 'tie irramar segment 'wera 
0.ft0n' atieit^.than' in the lower. ' , ^ 

i , 1 " ' I ' ' , ' 

f*'': ,'TfeiO/paialyaia ws <m the whole lightest in' tha^'liip#, , 


;te ' the thigh and severest in* 'the’ lowir ; 






- 'I ’ , ' ‘S# M'm ‘ fj'. 

t iSf the ‘ piP^rti^E of total to^partial 'paralysis 
teased as one - want away t£<m the hip ' towards the foot* 




AFPECTIOH OP IMDVnimh MUSCLES 

X«W«tt (ifiS) ead« tables to show th« affection of 
indiwiduai muaoltts which shows that thojf were afiactsd 
eith«wr partially or totally* The main facts are that the 
qiiadxlcaps* gliatei and gastrocn^nius lead in freqnwicy 
and that paralysis of lag muscles is much raora fragnant 
than of am muscles* Abdominal swtralysis ascisted in wore 
than half of all the oases and affection of thm muscles. 



of digits I, the intrinsic »u»2les^< 
intermediate positim* In frequ^M 
deltoid^ muscle caws second '^'''ttie. 


followed by int 
which wm third 




of the spine in awir® than a quarter# l?he latter points 
haye a distinct bearing on the ocourance of scoliosis 
and Indicate that such affectiwis are more cowacn than 
had bewi supposed* ^e eases of abdominal paralynis were 
always symmetrical with two esee^tions <m® right and one 
left* This paralfsis'»ay 'occur as the only paralysis 
iit 'i^ie ''entire wiscular system* wh®a associated with 
paralysis Of other parts# the association is always with 

'Obtained tables for 
unfair lishs* In frequ««y of 
la^ ■followed hif' triceps Slid 
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twelfth* On detemiinlng «n«ceptibility t© perelyeis, the 
inttineic niusclea of the hand were the a^et eoaoeptlble 
followed the mneclee acting on the wrist# The deltoid 
muscle was only moderately susceptible and the least 
susceptible were trapesiua and pectoralis major* 

Sharrard studied t464 aff«jted muscles# Of these 
1#502 were paretic and 962 paralysed* The ratio of 
paresis to paralysis was 1*56 to one* 





The nisiii^rs of parases and paralyses of individual 
muscles# and the pioporticaj of paresis to paralysis 
varied* The main facts were that the guadrlceps and the* 
hip abdiKJtors {Oluteus medlus and minimus) led iM 
frequency of affection and in numbers of pareses# but 
the muscles of the, leg were the leost frequently paralysed. 
Tib|.alls anteriorii tlhlalls posterior a^d ■ the long 
fleotors itnd*‘;.fi 0 ct^sors of the ‘>toes?' showed low proportioiis 
of paresis to paralysis^' idslle the hip mmmm eed- hip-/ iff 
addt^tojre showed a proportlr»# 

.fi^,,^»deie, Of the,, muscles shoie) in tables bjf sharrard 
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Xt is ttmpting cm this basis to assms that a casual, 
relationship exists between differences in the size and 
function of individual muscles and their frequency of 
affection* 


Wheal# however# the same muscles are arranged in 
order of frequency of paralysis# the picture is ccropletely 
different* The largest number of paralyses are found in 
the distal muscles# which also agrees with Lovett’s 
findings* To esplain the® he states - “the severity of 


the paralysis is proportionate to the weight to be met 
by the muixiles at differmit levels# not because this 
factor influesmies in any way the original affection Of 


the nerve cells but because it may retard the recovery 


of those muscles eorWnq against the greatest wei^t"* . 

Bitt this hfpothesis fails to eiqilain several 
importaiMt ■ MiSs»i®Nw l^ere is very low incldewee . _ 
of paralysis in the intrinsic foot muscles Which 'fcy 

Irfnratt'a xeaaonlae/ ahonld b« th* noMt 
pamljMd '«* all maolaa^ln tha lower limb, Tha 






^hhould be:'ibo«it',fhe soae. Further#' the ^tO, Of recovery , 

in proximal and distal maples has been 'ShOWh 'to bO' 'the;' 1'"',. 

, -liw V, k, , 

same for all muscles in;, the lower liab init^, Of ■ 

showing any differences needed to amount for the-k 3 

' ■ kSkk-”.--' C't^iv ,, ';;.y 

complete dissimil'arity ^tween;tl^ 0|der"of ^the 'muscles ' 





AS SkinHj (1949) ob««rire<3 !» a similar study thara 
ts no quality of the muscle® such as sis®# function, 
position in the limb or phylogenetic development that 
can satisfactorily explain the frequent affection of 
some muscles and the high pre^rtion of paralysis in 



pmXMXfkiA QWW i'. 

^s and tibialis posterior were » 0 »t ^ 

.and the tettsor fascia fsBworis ^^InfOlirirf, 


Iwbar two Tana thrat: 
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and t«i«or faiwia tmmxXm war© th« l«a«t* 

lafantil® policiayaiitlc paralyad© ha© iragartad 

as a haphaxard aftaction of mosoles* roost in t**® 

leg* In the cord lesion it appears to haw© a purely aoei- 
dental aistributlon most marked in the lumbar enlargeroont# 
It is possible# howewer# that there are other factors 
than the cord lesion %shich detemine the ultimate 
conditicm of affected muscles* 

ANALYSIS Qg SWBftllY OISTRIBUTIOK IH.Am Mb 

Another interestiiig findings observed by Lowett 
C1915) was that the «isol«s of the uppef* extremity ere 
more sewerely affected nearest the trunk and less 
severely lower down# But this relation is reversed in the 
leg and the, largest .proportic® of severe paralysis is in 
the lower leg «id- foot* This is estimated ^ tlwi prop* 

ortic» of total ■ to partial paralysis in the .iadivldaal < 

. . ^ ' 'I 

iMs .pussllag phenomwion ii|.iiiore oei^ly correlated 
to the weight goiBitog o» eich wmmlM , in the activities 
of, position than to laiy otlirtir factor# The' ! 

greet ye-J orlty these .j^tient# weia walking' ,lii sOwi 
foni,’ Or .> other sO' that the weight bearing posltioii may 

,,<airiy:he' takail' into account. ^ 

deltoid# tricwps^^®'.t4atpi'^ 
all help to' hold the arm 'up against the ^uldOT' joint* 
The weight to, he met is not^mly to tMsfeusp^sory 
firaotioa# hut also -to attainted mewmnentsi It 'is greatest 
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at the ahoulder and lm» ms one goes down arnni, 
becatis* the weight of the whole arm Is obviously nioro 
than the weight of the lower one or two segmsRits, Tipper 



in muscular function Increases as we go from the hip to 
the feet* There is greater superincumbent weight at the 
lower leg than at the hips* so that the lower leg muscles 
raise more weight than hip lausoles in walking. There is of 
course* no proof that this variation in severity of 
paralysis la caused by this greater or less weight to be 
met in muscular fimction* However# the essplanatlon 
accords with the imtm better then any other seems to do* 
severity distributtoi can not be correlated with ^ 
sine of uttuicles/or functiaa. ol“a peculiar sort* It can ' 


.A.*!* etty' 

ippi'SilJf 


iiiiii 


M ' 




arm muscles consequently* have more weight to handle than 
forearm and hand muscles. 

In the leg* on the other hand, the weight to be met 
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lliarjeiUPi if tii« paxmlfai* in n muMrlii in 

to any faatnm of the moscie itaelf# theice ■ 
retains the possibility that it may be related 
innenration^ or# Mre precisely* to the site and extant 
of changes in the motor eeSLXm of the anterior horn of 
the ipiml cord* 

ityidence of soch a relationahip is given by an 
enquiry into the segmental IncidMoe of muscle affeetioii* 
For each spinal secpent* the total ntn^r of affected 
sftnsdes that» recieve a snpply' frosa the seg^^snt warn noted* 
thus* in the third segment* the ntisoles eere the 

hip flexDQitrsf the hip addnotors and quadriceps* The mean 
number of affected wusoles "m in thl^i segment eas calcu» 
lated and need to plot a oenrei ^d^loh repreiNmted the 
segmaittal , ISM3id«noe,_.of mniMile af feetion*,. The Mfhest 
inoid«iiee;iias tiM second and third lumbar esigmen^sF 

belOif;,thip le?el^«, t^r* is deeirease in the 

nunbers of ef looted iiiaeclee that pMceesiee j^^lnal Ha 
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«pi«Seraic of 1942-43* A high incidonc® wm» found in all 
spinal »«giH««it,a b«tw®«n th© 4th lundtiar and th© stccmd 
sacral segments* Th® curv® was irregular and indicated 
no direct relationship betweao segmental innervaticaa and 
fregnency of paralysis* 

Attempts by earlier authors (Lovett* 1915* SklnhaJ* 
1949) to eotplain similar findings in terms of spinal 
cord leslcn were hampered by the paucity of lnft>rmatlon 
ccaicemlng the loealisaticaa of fimctioii in the motor cells 
in man and by the inccsnplete accounts of the sites by 
■destruction Of these cells in pollosyelitis* 

THS SITES Qg MOTCitR CELL DESTRlJCTICai 

A method of mommtxwotloa by projsctioo sdcroiKsopf 
Of the nerve cell content of the lwibosa«?ral spinal cord 
was devised linf sharrard (1953) ».- 

Ttie'gwterai distrihnti<»i Of motor cell destruction^ 
in the anterior horns of poliomyiaitic spinal^^cordi-' 

. 'f 

•hoced ^erel e«B^a»t features*''' 

;"''«he/secc»d and third ii»bii: spinal segments mm thf,,^ 
most '' ilW|Cent|*y 'snd'^'eaetensively att««t1ced i|i'«ll t^e cC^df*: 

a^d j^inrteh ' sacral segments*' being sp«^i«llf ll^ly'tC' 

. S'' eAmjiar segmental incidence of ii^otor/cill; 

: ' ■’ ■' - . '"'''I' 

dMtroctlon'ha*' b««n noted- by others CHot«ayija*s^**»;’'; 
1935, Peers 1943. miot 1945, 1947) . 

, ' llMl , \ \ 
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transv«r»« plan« th« centx® of th® anterioar hom ai>p««r®4 
to be the aoet vulnerable atea at iiK>®t ae^peatal level## 
Motor cell deatruction was always much nwjre severe 
than would have been expected# One case in which there 
had never been any d«oonstrable wealcness in any lausele 
in the lower liatoe had suffered losses of upto 40' perofaat 


of the nojoBal number of cells in some cell columns# far 



frcw these being any evidence that residual naotor cells 
were functionally inactive# it was surprising to discsoveie, 
how small a proportion of cells had been required t© 
produce a useful eiwtpetion . in the mu®3le they staled# 
The residual power ..of a nmscle was found to be closely,.. . 
relatwl to the p»op®rtl«si of reffstniiig motor cells that , 
supplied Itf. .ii 
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liiSlIiS 


1*1 tlwi -fact. -'■that.; 

„ , . Mtr .. , ‘“.r 


aiaii 


THE RELATimSHtP BETWEEN THE DXSTRIBUTIOU Of.. TOE 
PliilALYSIS mP THE DBSTIgJCTlCH OF MOTOR Hj KVE CS14«.3. 

Hi© se^nsntaX incidwnc® of lauscl® affoctlon 
fjcoan th« analysis of tha cllnioal matorlal (Sharra*^ 1953) 
agjca©# ajcactly wi'th th® g«fi®£al dlstxibution of motojr c®li 
dostnaotion# Sine® th® uppor Iwnbar spinal segments supply 
muscles in the region of the hip and thigh# ■while the 
lower l«har and sacral se^enta generally 
muscles of the 1^ and foot# it is easy to see 
is# apparently a grea'ter incidence of affecticsi 
proximal ■than in distal muscles in ■the lisd^* It 
interesting to note that the hip muscle that deriires 
its main supply fnom the sacral segm«its i#e* ■tie 
glutsftts aanimus * is less frequently affected than 
otiier hip muscles# .This is also true of, the iwiiill 
external, rotator muscles ,of the hip# t--' 

Mie findings of sharrard 11953) iW' the spinal. c«^ 

large numher of.-j^iralyiws found |n 




Begraant® and th« progreBsiv®ly smaller Incidence more 
caudally* In the txan«ver»e plane# the central «ite« of 
cell loBB alBO found by Elliot (lt45# If 47) in the «terlof‘ 
horn# r«»«nble those found by Krogh (1945) in eaiperlraental 
hypoxa^miia of the spinal cord# and it is jxjsslble that 
vascular factors are portly responsible for them* 



That certain muaoiles appear to be paralysed or 


weakened togather has be« noted by several antlers 
(Courtney 1896# Wickman 1913# liovett 1915) • Their 



If the'quaWiceps is paral^|se|# • aither 
m gasirocnaaius or both^artiflaOft' al^ 

4*-. T« tno «a«as^tkere «r®:€miy 


In 109 cases "^^ore were mlr 

, . ' V. > 
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the 106 «»#ooiatioii 0 of glutemXs or ga»trooRe»aiu@# there 
were only 5® associatioiss of s»i»Xy««a ^ 

haiBstring®* The guadricepB# therefor®^ le affected 
nearly twice as often with it# aascwiated mtiacle# a#' 


with its antagonist* 

When the gastrocneanius is inifolved# the quadriceps , 
or gluteal# were involved in 108 out of 109 casesf but 
the antagonist of the gastroenemius* the esctensor digitorwa 
longus .and the tibialis anterior* either mm or tooth* were 


paralysed in combination %dltti it in oaly 66 cases* 

Jahss (1917) studied 400 cases of anterior poltoye**,,^ 

'"*1 

litis of 1916 epidimic and cdsmented about assoolatioit' 


paralysis “the moft freguent combination of muscles 
att«iked in the le|r has been thosa wipplied by the anterior 
nerve*''# ■ Xn the thigh# <gpiadric^s* adductors,,, t-k: 
and hwistrings hsfve irtwjwn a distinct t<«Bdency ,tO' be 
involved together (a sAaeture of both the liwiibaif and^. 

gaoral ' 

«^tors.y^f..:the hipfvWeife' involv^; 
the internal 'Sot#tors always#,, wscomipwied, thaia#: on' 
oaae,. were' 'they aff®oted^aloliei(,;,xn^th« aro* , the,! deltoid* 
oectoralis major snd'%atissimus '|o^st here aaa^iated ;,: 

in paralysis* '.771® latissSStus dorsi iwa,«effeojwd*te I,'.'-- 
^ 50 o* 

feMpe or the forearm type of paralysis did not 

ix5e.ur in any instance*,; 
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Sliarrmrd (1955) reviewed th© muacl® charts of the 
203 lower limbs to find out whether those impression® 
wore correct and to reveal associations of paraly®^® that 
might otherwise be overlooked* Coincident sparing or 
absence of paralyses in muscles# which is equally impor- 
tant and likely to eiwape clinical observation, was also 


not^# 

some associated Paralyses for instance between the 
long toe extensors and the pertmei or between the hip 



abductors (Cl# medius and wwasmumt «« 
maximos • might be s^lained by the closely ■allied 
functions Of the muscles, as had been suggested W homm 
(1915) • Other associations such as those between the calf 
itiU8K»les (Tricsps euwe) and the bleeps feiwsris (first ^ 
described by leenett in 195t)-' or betwe«s guadricepst ,the 
hip ' adduetors ' and the hip flesxors can not be ex^ilaihed, 


r«d the biceps feK«>ris or? beta 
and the intrinsic' foot buscles 


Patel ^ 


study and 





of the spinal noclei of the muscles* In their study a , 
surprising association was foimd between the paralysis 
of flexors of hip ana internal rotators* If one of these 
was paralysed then in 7 out of 10 cases the other was 
likely to be paralysed* On the other hand* some muscles 
with a coiffiwan nerve supply like hip abductors and 
«KteEisors did not hacve associated paralysis* 


BXELAIgAIlCaiS Qg PftEOOWlHMtCE OF ASSOClATXQji PABALYSIS 
Aocording to Lovett (19155 this predominance of 



paralysis is susc«E*lia.e of several possible explanaticais# 
of which the ^lomng may be ^ mentioned i 
I# The mwscles which maintain erect posture are all very' 
large and musl; have large c«jtres composed of many motor - ■ 
cells* On acscoiiat of this* they are more likely to be 
affected than smaller- muscles by a g«erilly distributed , 
destriKstivO process in the cord* Sufc -'this is not altoga^ 
ther aoceptalAe beeaule the -tibialis anterior ■ahd'perewl^;" 
which are swall* are df high'^ incidence# ■‘'keclprtscal to^'this' 
the peetowlii' Is of low ^^i«cid^^<» , ^ 

arrauig®n«it of their ''’imstoF' centres”^ ^at they 


1 ikely ' to 4 be involvetf'*' .in the' 'sme .;1 esioa^ i 

luscles woi^d ‘ 'Aft ^ 
third e^li^ation for* ths''’predc^nOTce of 


third 'e^li^ation to. 


, . 



jociated ■' rather. 
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gjcoaps UMiy b« in th® functional relation of the nwiTCles 
thteeelv®®* Thro® inti»3l®®# th® glutei# the quadricep® 
and th® gattrocmaodua woidc togather to maintain the 
upright position# if a whole If^ is lightly affected# it 
may be that the association Of these muscles in function 
may retard their recovery by their intimate and necessary 
functional dep#nd«»ce on each other# Especially if one 
of these imiscle were seriously affected# it might retard 


the reksovery of muacles associate with it by throwing more 
woJdc cm th«TO than they were able to perform in their 

affected ccmditicm* : ' 

Shaward Cl9$5) explained about associaticsi of ptoal.yaie 

%^@n the whole of tlwi motor colwwi that supplied a muscle 
had been destroyed# it was lUcely that on® or more ^ ^ _ 

adjecwt, motor colwns that occupied the saiw length of ^ 
spiii'al cord was cosflpletely destroyed #r severely 
affected# this is reflected in clinical distributidn-'Of 
mui^le paralysis# tor easemple# the eolums tfiat mW^f 
rnmm&m hallucis longus# ex^sor digitojnwi lopgas apd .,■ ^ 
pef^i lie hesfct'to each ’and occupy app»c«l*i^ 

the swumi' i^g^' df spinal cord* therefore# paralysis 
"one^pf' these musclss is frequently associated with' ^ 
'^'rSlfSeS of.' the otl»r .two#,,^<mversly absence pf .paralysis 


iiil 


■4 


paralyses, it the others# 


stM;l 









Hip flexor# (p«oa«) 
Abductor# 


Quadriceps# abductors 

Quadriceps# iniser hamstring 
hip flexors 


muscles# 


Quadriceps 


Hip flexors# adductors# toner 
hamstring muscles 



Adductors# quadriceps# hip 
abdixjtors 

Gluteus Hiaximus# biceps fe 
tensor faciae latae 


Inner hamstring 
muscle# 

Hip aMuctors 
Cgluteus medius and 
minimus) 

Tensor fasciae latae 
Gluteus maximus 


Hip abductors# gluteus maximus 

Hip abductors# biceps famoris# 
tensor faciae latae 

Gluteus maxima## hip abductors# 
calf muscles 

Biceps# fasoris# flexor digitonwn 
lc«tgus 

Flexor digitonm longus# extensor 
hallucis longus ^ . ' 

Flexor tiallucis longus# extensor 
halliKji# Icwgus 

Extensor digitorw loagus# perone 
flexor hallucis loi^uS ^ 

Mxxmmr Mllueis 3,cajgus» peronei 


Calf muscles 
(triceps suraei 

Flexor hallucis 
longus 

Flexor , digltorum 
longus 

Extensor hall twis 
longus 

Extensor digltor«i 
longus 

Peroiieiii/. , 


Censor dlgltortm longus# 
hallucis longus' 

Tibielis anterior# ^extenss 
hallucis longus ^ ' ' 

Tibialis posterior . ^ 

Calf muscleas#’ peronei; ^ ■ ■ 


Tibialis 
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tMusid aasoeiatJjcmst like that beiti}«»«a tha calf 
niusclaa (Tric«qE>a mxmm) aR<3 tha hicnetpa f«au3ris« cam hm 
accouRtad for i» th« same way# alaea thair notor call 
colwratis ara so closely associated* Tha factor ooroncm to 
all strongly associated pairs of muscles is that their 
motor call columns lie adjacent tio on© another and their 
segmental levels of supply eorraspcaid or ovarli^p* 




ASSOCIATED PARALYSIS MD THE PROGNOSIS FOR PARALYSED 
MDSCDSS 

In another pa^er Sharrard C1955) has shown tha 
prognosis for a paralysed muscle to be related to the 
degree of paralysis in the mamsl®& supplied toy tha same 
spinal ses^«it* Assoclat*d paralysis between muscles 
may also .toe applied to determine prognosis for recovery* 

Ten muscles were chosen in which it may toe laportant 
to Icnow the prognosis ioie recovery# The protoatoility of 
recovery to a ftmctioiial power (MIC gradd Z or greater) 
was Worsted ©tit for each muscle * 

" 1 *^ ' ;-When mm of its most strongly asiwioiated muscles 


i !'! 

sil 




/ ' >' j / ? '* 'i'' 












^■1 ‘: 










mi ' ' mi ' ^ 

3^^:' Mlimft iMi^^j^tedliwifol|P,^^J»,f«^ 






iia 


both asscxilated 'ftiuscles|..wei»j paralysed#' the 
prognosis %?as very- toad# ’particularly, :tor’ the guadriceps# 




th@ Mp ftbductorA# tlMalis anterior* tibialis 
posterior and the lc»ig toe extensors* 'When both 
associated muscles were paretic or normal there was 
an exeellwit prognosis for all muscles • except 
tibialis anterior* 



MATEf?IAL 

AND 




IB th# m coiio»rt«d «£l!ort h«» hmm 

MAdm t© tii« patt«rB of mmlm aiitollmticai' In: 

po«^ polJ^J if wy# 

for.oBo tmx t»it mm the . 






MATERIAL AND METHOD 


Two hundred and nlnty patients who suffered 
disability due to permanant paralysis as a result of 
poliomyelitis# were received at orthopaedics out patient 
d«^artm«nt* M*l*b* M<ii^ical College hospital# Jhansi 
at District Hospital# Jhansi between July 87 and June# 


All the eases of poUcwyelitls having residual 
paralysis :l^r one year or more were the subj«:t of 
present study# Average age group of patients included 


in this study was 13#2 years# The patients were Of either 
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■ ^ Th« Uiiicits i» uitfiially of vague and variable duration* 

It may la»t from a few houra to few days# and one to 
titiree days is the usual duration* itoute attack of 
poliomyelitis may be quite severe or so mUd as to pass 
unnoticed* It is usually but not always followsd by an 
asyiflptomatic stage before the onset of paralysis* Many 
patients never progress beyond this stage and are imly 
diagnosed' by the laboratory findings of the polio^virus 


in the throat or stools* 

i!he liBip^rtssice of this stage is that aaeereise# 
injection or operatiini may precipitate severe jNsralysiO' 



in the llstos saeercised or traumatised* 

SiOB, sM .SIWPteiMI . 

gftie'Mstory givffls.lif pati^ts-is vari#!i4e''*s»«i'^«ifi#.;, 
and mlmie .other viral iiifeet|l^s s«^h,jas influensa* The 
more ecamm' eig®' syai»'tc»s we,!!**' 

Ca) -vfliwdache and malaisei'r 

(b) ' ^ sore '-^iroat ^*;^per tract ^_Jh^eotl^a*' ; 

(c) Slight 

(d> ' Diarrhoea ' 



3B 


with a3b0ir«t »ymptamm ma 8 Ui^®sts diuriag iui. tpidtnie* - 
TESTINQ Qg MUSCLE POWER AKD MUSC3:.E CHAlgglUg 

Each patient was examined at the oat patient 
department* A complete muacl# test was performed on each 
occasion* So far as possible testing was made in a warm 
room (i*©* with adeqaate t«nperatare) * after rest# 

3taw3ard methods of muscle testing were used (Kendall 
and Kendall# 1971# Daniels Williams and worthinghom# 1947)* 
Each muscle was allowed to contract three times# through 
the greatest range of iiov«Reiit of the joint concerned* ^2he 
grade recoafled depended tipon the power ©f mascle in the 
third of three contractions* 



The scale of muscle power ranging from 0 • S reexwm* 
ended % the MiHdicaltJleemiupeh council was used during 
maklni'^Of the obsecaatlotts# All the tests of iwiselew*! 
power wate made l^^the same ■person (myself) * 

>' .orade t''e eon#llite iwrnlfttie*^ 

i •■*'11 air&er of «oat3»ction c»ily#‘ ■ . ^ 

,1 m msmx deteetiiMe iwlf whesa grwity ‘ is ? 


can 'hef%i|Ld against; 
■ eiiuiaet ^ exai 


grayityl; 
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'Bm «cj®alnatioii of patlont wegarding tho 

mnmalm p&mr vm trndrnm Findings obaorved durii^ aacami- 
natdUHi vwco arooocded in ‘ttm pzofOxma as in imnascnrowZ* 

THE AQ3URACT OF MftHUAL MUSCLE TESTP^ 

Th« ostiiaaticwi of nwacla powar by roanuwil laathod# Ims 
b«®n tha swbjaat of soeno critic ism by tiiosa wIto advocsto 
a ratnni to mechanical methods of measareiaant of muscle 
power (Russell* 1952 ) - notably that* In the assesMwnt 
of the power of a muscle* it is not certain that two 
observers will assign the same grade to it* 

In most muscles and muscle groups the Medical 
ReswMTCh Council Scale can be used to give an unequivocel 



result# Jto Incorrect assessment is almost always either 
due to ignorance of tiM» method* in attrition to detail* 
lacSc Of i^ppreciatln® of the actieus of the wu'sole ■ undiup 
test or th# deception fay the triOk action of another 
muscle* M, tdjgU dmffxtm of objectivity is aeoessary jii^ 

muscle tests slujuld be ®»de by a single 

of the power of certain isles'*: 
Such as' the muscl^s,^,thal;^^,«Bt ^ W the ^digiti^" .is diffio* 
to mahe in the exaot^^ terms EeseaisOli Couh* 


41 


EVALUATICM OF HESOLTS 

Siiiple raathanatlcal calculations were done*: 
Statistics was used to work out associated paralysis* 

Bach muscle or muscle group was paired with every other 

2 ' 

muscle* X -test was applied repeatedly* Differences 
between the expected and the observed findings were 
worked out and submitted to statistical analysis* 



Ef^nONS 
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OBSEiWATIOHS 

In present study a total of 290 patients of post polio 
residual paralysis was included for detailed clinical 
examination of muscle ^wer. The patients were of both seac 
and different age grot^ss. 

Table - I 


Showing male# female ratio of study group 


si# 
No# .. 

Sex 



Percen^g©**'" 

{ %) 


Males 

Cm) 

224 

77.2 

2# 

Females (F) 

m 

22.8 


Total 


290 



Male 

fesnale ratio was 

- 3#4a 





TjSi^le 

- II 





Age Incideoice of study group 

st; 

SSrfTTrrr 

Age group 

iH- yeggs 

llpml 


1 ^ 

2 

- 

3 

15 

5#1 

a# 

3 

'iii 

4 

08 

2.7 

3 • 

4 

«»> 

S 

14 

4.8 

4# 

$ 


10 

90 

31#0 

5# 

10 

wm 

20 

117 

40.3 ■ 

fi* 

20 

m 

30 

35.' 

12.0 

7# 

30 

m 

40 

10 

3«4 

8# 

7 


40 

01: 

0.3 


' Total 


290 
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Maximum number of case® included for study were from 
10 - 20 years of age group. Average age of study group 
was 13,2 years* 


Tuble. ** m 

Shewing age of involvement 


si. 

No. 


No* of 
,..caB#s. 

Percentage 

< % ) 

1 « 

£ 1 

167 

57.6 

2, ■ 

' 1 «*»■ 2 

69 

23.8 


2-3 

24 

8.3 

^ * 

3 - 4 

13 

4.5 

S. 

4 — 5 

10 

3,4 

s. 

5 - 10 

06 

2.1 

7. 

3.0 

7 

1 

0.3 


Patleata or their peutm-tm were «Kn<|ulred about the 
age of involvement i*e, the age at which disease 
cosmeoced* Maximiaa age at which polioroyelitie involvemmafc 
occured was 12 years* 

Highest incidence of involv4»i«it vras amemg less 


than erne year of age group 
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Table »«■ XV 


Showing Involveaatient of xjpper ectrisiity 
Total ntn^r of affected npper limbs » 16 



invoirea^t ' of ' ‘ 
left upper 
limb 

fnrolremeai: ' ol' 
right upper 

lii^ 

' '"SlialSral 
upper limb 
involvenifttit 

Ntmber of 
cases 

13 

02 

01 

Percentage 


12.50 

6.25 


Table 

» V 


Showing inrolrement of lower etjctremity 

Total number of affected lower limbs ** i^O 


Imrblvement of 
left lower 
limb 

^ Xnrolveoient of ' 
right lower 
limb 

Bllataral 

lovifr lliul? 

involvement 

Mumber of 
cases 

100 

120 

60 

Percentage 

35*71 

42*8$ 

21*42 


A total of 16 patients were haring «^pper liwto 
involreoent as ccxRpared to 280 patients of lower limb 
liirolr«Bi«ffiit* It was sniprising to not© that out of 16 
affected limbs 11 were of left sided inr©lre»«t# 

While in 2 oases right side was affected# rest cm© case 
was of bilateral ifjrrolreiMnt* 

This speeifio pattern of left sided inrolrement was 
not pressnt 1» mm of lower llaflb paralysis as they were 
inrol^ied alnost equally* 
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Table * VI 

Regional distribution of involvemeoit 


MT 

Ng,,. 

Involved extremity 

Number of cases 

1# 

Unilateral lower limb 

220 j 
60 1 

* 230 

(Total lower limb 

2* 

Bilateral lower limb 


involvement) 

3* 

Unilateral upper limb 

15 1 

( ** 16 

(Total upper limb 

4 * 

Bilateral i^per limb 

01 1 

i involvement) 

5. 

Upper with lower limb 

05 


6* 

Ail extremities 

01 


7. 

TinfflJc 

00 



Out of 290 cases which were OKatniiijed# onlf If cases 
were of «qpp®r limb inwolwement and oat of these 16 cases 
only 10 were those in which only upper lii^ involirement 
was present* Rest six eases were having upper as well as 
lower limb Involvement* Not a single case was obtained of 
trank paralysis* Ckie case was having paralysis was 7th 
cranial nerve* 

Eighteen wasclesyfeuawler- groups of lower limb were 
included for muscle charting* Total nwiber of muscles of 
lower liiSb escanined were lOOSO in nunber* 

Total ni»b®r ©f affected lower limbs was 340 (out 
of examined 5^ lower lis^s) and in these 140 affected 
I jatb ii 44Jii Mscles were involved which were labelled as 
paretic or iwreidytic aomording their residual musele 
power* 



Table * VII 

Xncioience of affection (in order of fr®c|««icy of affection) 




HwaSir ' of 'Slee'tSl" 

- isnscles 

i' # 

Hip flexors 

318 

2, 

Quadriceps 

304 

3. 

Hip abductors 

288 

4 * 

Tibialis anterior 

28S 

5, 

Hip adductors 

mi 

i. 

Inner hamstring 

278 

7. 

Biceps f«noris 

27® 

de 

Hip extensors 

277 


Medial rotators 

264 

10« 

lateral rotators 

258 

11. 

Tibialis posterior 

258 ; 

12. 

Peronei 

241 

13. 

Trtc«^s surae , ' 

236 

14. 

Extensor digitorwRi loagus 

182 

15. 

JDctMsioor hallncia longns 

181 

16. 

Tlewor di0.toxura longus 

166 

17. 

Xntrinsio m.n,iici.es of foot 

166 

18. 

Flexor heli'Wi-ff longns 

1^ 


%otal 

4435 


All affeetad iw(Si!M3l<«i of lo%ier limbs nere arranged in 
order of freipteacrf of af fectioiit Kip fl«Kors rmik first in 
tbe table iwbieli are follotfod hf gnadricipii* hip abduetorsiit 

imd l4|Mi^(3ec3lW»* intrinsic! unsclee of 
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table ahowing their least involvcsaoit* 

Table * VIII 

Incid<mce of paralysis (in or^er of fregaoncy of paralysis) 


sir 

Muscle 

imSSfcr ' ol' i»ral yaSI"" 
muscle# 

1 .# 

Quadriceps 

142 

2* 

Tibialis anterior 

119 

3 # 

Hip adductor# 

97 

4 #, 

Hip flexors 

94 

5. 

Hip extensor# 

92 

$• 

Tibialis posterior 

78 

7* 

Ferofiei 

71 

3. 

Inner ham strings 

64 

f* 

Bic€f>« femoris 

64 

10. 

Medial rotators. 

61 

!!• 

Lateral rotator# 

61 

12, 

Hip abductor# 

57 

13. 

Tricep© aura® 

50 

14, 

Extensor h&lluci# longus 

,24 

15. 

Sctitosor .digitorusra longu# 

20 

16. 


12 

17, 

Flexor dlgitorusa longu® 

08 

13, 

Xntrinaie mueole# of foot 

08 


l^tai 

1122 


lilMHi errangaiS in onder of freqaaney of paralysis# 
gnaiiriaipi iias pamlysNBd in maxlaonet ntssbtr of lowar IIjAs* 
TiMalis mtmdor m» ssoond whi<c^ ims by hip 

adliiaetors# Mp fliscors aa<3 hip aactensors* Pistal grcwp' 
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of muscle* were atjongst least paralysed. Total number of 
paralysed muscles of lower limb was 1122 out of 4435 
affected muscles. 


Table ■* IX 

Susceptibility to paralysis (in muscles of lower limb) 


SI. 

NO, 

Muscles 

No, ’ of 
paralysed 
„iLUScles 

'No. Of', 
paretic 
musc;).es 

Eawb of 
paresis to 
oaralvsis 

1 « 

Quadriceps 

1.42 

162 

1.14 

2, 

Tibialis anterior 

119 

169 

1,42- 

3, 

Hip adductors 

97 

190 

1*95 

4 # 

Hip eoctecisors 

92 

185 

2«CH 

5, 

Tlblali»*posteJCtor 

78 

mo 

2.30 

6, 

Hip fleswors ' 

94 

224 

2.38 

?• 

PertMiod 

71 

170 

2.39 

8* 

Lateral rotators 

61 ' 

197 

3.23 

9, 

Medial rotators ■ 

61 

203 

3.32 

10. 

Inner hamstrings 

64 

214 

3.34 

11. 

Biceqps fmoris 

64 

214 

3.34 

tm 

Hm 

Trleeps-surae 

50 . 

186 

3.72 


Hip abductors 

57 

231 


14# 

Sxtaosor hallucis longus 24 

157 

7.54 

15. 


162 

8.10 

16. 

Flmmr hallucis longus 12 ' 

1S3 

12.75 

17. 

Fl«Kor digitorum longus 03 

1S8 

19.75 

I,S* 

Xntrlnsio musoles of 

foot 08 

isi 



itotai 

1122 

3313 

2.9Sil 
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The susceptibility to paralysis of each muscle is 
in^ersly proportional to ratio of paresis to paralysis • 
The lower the ratio# higher are the chances of paralysis* 
The quadriceps and tibialis anterior are amongst Bwst 
susceptible to paralysis# while flexor digitorum longus 
and 'intrinsic muscles of foot are among least su«:«ptlble# 


Table »■ X 

Ixtent of paralysis 


mwm 



%% 

Hip (alone} 

Of 

2 # 

Knee (alone) 

03 

3. 

Ajfdcle (alone) 

03 

4r* 

Hip with )oi*e 

26 

5# . 

Hip with ahhle 

13 

i* 

Knee with ankle 

17 

7, 

Hip %fith knee with ahtcle 

270 


Xnvoliraaient of different muscles acting on 
differ«Jt joints of lower limb was woilced out# Table 
shows that diffuse insolsemimt of. ^dmle lower limb ^ 
was mueii more mmmm as coe^ared to various joints 
independently# 
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Table - XI 

Severity of paralysis in 

lower limb 

si* 

lleglx^n of 

NO. ol 


..Jjlvoiv«ppt 

limbs 

1* 

Hip 

318 

Sl.il KiII'6# 

316 

3* Ankle 

303 

4* Distal group of muscles* 

186 


*Fl«x» (31g* lougtwi, Fl«3c* hal* longus# 

Ext* dig* IcmguB, Ext* hal* longus# 

Xntrinaic muscles of foot* 

Momm results are worked out from previous table# 

showing severity of paralysis In lower limb* Hip was 

involved in maximum number of cases* One special feature 

was that distal groi«> of muscles was least involved* Out 

of 340 affected limbs* there were 154 cases in which 

distal group of mu« 2 les was i^ared* 

TMn. r-SI. 

Associated paralysis . 

Muscle Associated muscles 

- - 

I* Hip flexors 

2* Hip «xt«nt8or 

3* Hip abductors 

4* Hip adductors 

S» Quadriceps 

§* iQm flexors 
7* triceps surae 

i* tIMalis 

. ’ipWpiP'Pi .... 


Hip extensor* Icnee flexors* 
guadriceps* 

Tibialis anterior* hip fleswrs# 
knee flexors* 

Hip adductor* hip extensor* 
triceps surae* 

Kip abductors# hipMSKtemsor* percmei 

Knee flexors* hip»£lemors* 
tibiall sHPOw^MKifior • 

Hip flexors* quadriceps, triceps surae 

Hip extensor* intrinsic ausoles of 
foot* flexor digitonim longus* pertmei 

mp extmsor* tibialis posterior* 
qpsdrioeps# liip«*£t.exors* 
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. Each iRuacIa or muacla group was comparad with rast of 

muscles in lower limb* Their association was worked out 

2 

with the applicatiew of x test. 

Figure - 1 

Figure-1 shows histogram indicating segmental incidence 
of affection# On horisontal X-hsxIs spinal sepnetits are 
taken while <» wertlcal Y-axis is mean ntmber of affected 
muscles* Mean number of muscle# affected in different 
spinal segments was worked out* The results were as follows s 
LI - 318 L4 - 25i SI - 249 

L2 - 303 L5 - 240 S2 - 21f 

L3 - 303 

Histogram shows clearly that lumbar one spinal 8egm«Hcit 
was most frequently affected followed by lumbar two and 
thrsNi* Sacral two was least frequently affected* 

yjLotix*# 2 

Figure shows segmental incidence of paralysis* Second 
and third Iwtibar spinal segmeats were most frequently 
paralysed followed by first lumbar spinal segments* First 
and second sacral spinal segaeats were «®cmg the least 
frequently pexaiysed* 

Keen nimiber of paralysed muscles was t 


LI • 94 

IS * € 8*2 

SI - S2*$ 

L2 ** 111 

Mm ♦ 4 

^^2 ' '' 

L$ • 111 










Bilateral gross 
evertor* insuffi- 
ciency - more on 
left side with 
equino-cavo varus 
of foot and ankle 
and severe clawing 
of toes-» 






Bilateral paralysis of hip and Knee extensors with 
contracture of iliotibial band giving rise to 
flexion and abduction defoannity at hips and flexion 




1.? siy y ’'*/ 


knees and equinus at 
both ankles and feet* 
There Is extensive 
paralysis of abductors 
and extensors of hips, 
extensors of knees and 
extensors of ankles and 
toes* Unable to stand, 
she walks on all foars# 


Male aged 21 years 
w-ith generalized 
paresis of all the 
muscle of upper arm 
and forearm and 
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DISCUSSION 

In India, pollcHnyelitis coB«n«nc«s in childhood and 
Infancy# Eighty percent of the total cases occur in ■ 
children below five years# The nrast vulnerable population 
in India is the one between six months and three years. I* 
U.S.A# 25 percent of cases are over the age of 1$ years# 
The shift to age incidence is attributed to better 
standards to environmental sanitation. Males are more 
prone to clinical attack in ratio of three males to one 
f«»ale ?Park and Park, 1983) # 



Age of involv«aent 

Park. ■ 

Pres«nt 

study 

i) 

Cases £ 3 Yrs#, of age 

80% 

89 #6% 

ii) 

Cases 6 Yrs*' of age 

95% 

97.6% 


In present study out of 290 patients, 224 were males 
as compared to 66 females with the ratio of 3#4il (77 #2 
percimt were males and 22.8 percent females) « Age of 
involveuMKit was calculated in different age groups and 
SMJl»un age incidcsice was found in children below mm 
year of age* All studies inferred male preponderaiwe over 
feetales* 

Infants bom of immune mothers escape Infection rgsto 
the age of six snonths* Thereafter they become susceptlbtle 
to poliomyelitis, the susceptibility being maximwa In the 
age group six months to three years# By the age of five 
years, over 90 percent of the children show the presiKioe 
of antibody to one or more of the three types of ]^>l$o 
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incidence of study group was maximum between 10 
and 20 years. Youngest patient was of two years of age 
while eldest was of 70 years* Average age of study group 
was 13.2 years* ^ 

Involvement of lower limb was much more frequent as 
ccsr^ared to upper limb# In present study 96*5 percent cases 
were of lower limb involv«nent* Of this 78*6 percent were 
of unilateral involveraent while rest 21*4 percent were 
bilaterally af fasted* 

Upper limbs were affected in 4*5 percent cases. As a- 
whole 16 tapper lii^s were affected* Of these 15 were unil- 
aterally involved while one case had bilateral affection. 
There was no trunk,- involvement in our study. I got one 
case of residual paralysis in which there was 7th cranial 
nerve involvement* 


Involvement ' 

Lovet;t’ s 
findings 

Finings In 
present study 

Both legs 

127 

60 

One leg 

85 

220 

Both legs >wid both arms 
(all extremities) 

■ 55 

01 

Arm and leg involvement 
(Upper lir^ wiHi lower limb) 

71 

05 

One 

19 

10 

Both SMIff 

04 

01 


bvoett <1917) worked out tables • ihowlng regional 
involviimttit of eacfeJferaltles In poliomyelitis. He found that 
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maximum number of cases were of bilateral lower limb 
involvement# unilateral involveraant being less tlian half 
of this* Butliiese findings were reversed in present study 
showing maximum involvonont of lower limb unilaterally. 

While bilateral involvement was less than one third -of 
unilateral involvement# the ratio being 1 j 3*6* Upper limb • 
involvement was not that much frequent in our study* 

in this study# most ccramon involvement was of unila- 
teral lower limb followed by bilateral lower limb involvement* 
There were only five case® in which one upper limb and one 
lower limb was involved# out of 290 cases* 

iifhen upper extremity was considered there was a dist- 
ribution of much importance - out of 16 cases# 13 cases 
were of left sided involvement while two were of right side ' 
involvement and in the «raaining case all the extremities 

wiiyA*Wi CX4-4.«SSW . 

Legg (1929) noticed that lower limbs show a higher, 
frequency of Involvement than the arms# with practically 
no preference for right or left side* At present# there 
were 2i0 cases of lower limb affection while cpper limb 
involved in 16 Cases only* 

Right lower limb was affected in 42*8 percent cases 
while left limb was affected in 37*9 percent cases* Thus 
there was no praeticsl difference between right and left 
lower limb lnTol’S«a«afe# 
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Accordiiig to Lovett C1915) partial paralysis 
(paresis) %ias much more conmon than total paralysis* 



Total No* 
of affe- 
cted 
muscles 

Partial 
paralysis 
(No* of 
_ muscles) 

Total 
Paralysis 
(No, Of 
muscles) 

Ratio of 

paresis 

to 

oaralvsis 

Lovett 

1, 452 

1,036 

416 

2,5*1 

Sharrard 

2,464 

' 1, 502 

962 

1,56*1 

Present 

study 

4,435 

3,313 

1122 

2*95*1 


Above table clearly indteates that number of paretic 
muscles was always greater as canpared to complete paralysis* 
Lovett studied 1,452 affected muscles and got a ratio 2.5*1 
of paresis to paralysis. Which was 1,56*1 in study of 
Sharrard. In our study this ratio was 2*95*1. This ratio 
of partial to total paralysis varied in individual 
muscles* The ratio was maaclmiaa for intrinsic muscles of 
:;^ot and minimum for quadriceps* This ratio also indicates 
susceptibility of particular muscle to paralysis, minimWB 
the ratio, highest the susceptibility to paralysis, while 
maxiraimi ratio denotes least susceptibility. 

The greater susceptibility of seme muscles to conplete 
paralysis than others is explained in the following way* 

The a»tor c^l colwnms of some muscles are short and of 
Otheirs are loi»g* In the lushar segments# the tibialis 
anterior and tibialis posterior possess short columns and 
are sarwiwsded. toy .the lo^er eol'Umns belonging to the 
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quadriceps, hamstring muscles and adductors, A small focus 
of poliomyelitic destruction affecting mainly the 4th 
itmbar segment severely damages the nuclei of the two 
tibialis muscles and causes them to be paralysed, while 
the other nuclei suffer a partial loss of their substance 
which, at the most, result in a mild paresis of the muscles 
they supply. 

Thus muscles whose nuclei extend over only a short 
length of spinal cord are very susc^tible to paralysis 
and muscles with long jrotor cell columns are more likely 
to remain clinically unaffected or suffer a paresis coaly, 
’'The muscles nearest 'the trunk are most frequently 
affected, distal group of muscles being least frequently 
aff«;ted” {Lovett, 1917), He also told that there was 
noticeable difference between 'left and right upper liiribs 
but there was no difference between right and left lower 
limbs. 

In our study there were 120 cases of right lower 
limb while iOO cases of left sided involvement. But there 
was majcked difference between right and left upper llab 
involvement, left sided involvement was much ccairooner as 
cOR^pared to* right. 

Hips mre involved in IIS limbs while second was 
knee, affected in Hi limbs which was followed bf ankle in 
303 lirtbs*^ Distal gmapf of muscles was involved in 1S6 
limbs, Above data clearly indicate that frequency of 
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paralysis is maxJinum nearest the trunk and it decreases as 
one goes distally* Out of 340 affected limbs there were 
154 limbs in which distal group of muscles in lower limb 
was spread. This sparing of distal muscles was a general 
tendency in affected polio patients (Lovett 1915). 

These findings can be explained on the basis of 
active us# of right and left limbs respectively. This ;; 
hypothesis was given by Lovett '(1915). He told that left 
upper limb is less frequently used as compared to right 
upper limb, so that blood supply Is more free around the 
spinal centres where the motor activity is greatest and 
most ccmplicated ' and are ■ less likely to get attacked cm 
their nerve centres by paralytic polio virus. That is why 
right upper limb is less frequently involved. 

Above eocplanation also holds true to explain the 
frequent lnvolv«nent of muscles near the trunk. These 
muiwles have to work less frequently and perform unccw^ 
licated inovoBwnts while the distal muscles perform compl** 
Icated and finer movements much frequently, therefore 
they have better blood supply around their spinal centre# 
and are less likely to be affected. Conversiy in case of 
lower lin^s both legs have to do equal function and in 
cronsequeme there is no difference in severity of 
paralysis in" both lower limbs* 

Another feature which was observed during present 
Study was that there was much more diffuse involvement - of 
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. limbs as cc»npar®d to localized patchy involvement reported 
by others. Hips with knee with ahkle were involved in 270 
limbs. '>fhile hip alone was involved in nine limbs, knee 
alone in three and ankle in three limbs. 

These data indicate extensive involvement in post 
polio patients in India* While in other European countries, 
where the environmental sanitation is definitely better and 
health services are in very good condition, distribution 
is patchy in nature. 

In India, poliomyelitis is much prevalent and health 
services are inadequate* That is why polio is in its 
severest £oxm here and muscle recovery is also very less. 
This is the reason udiy here T«m find diffuse involv«i«it* 

In present study, incidence of affection was maximtsn 
in hip flescors# quadriceps and hip abductors. Distal group 
of muscles was affected least frequently* Hip flexors were 
affected 318 times while flexor hallucis longus was affected 
only times# i.e. hip flexors were approximately two times 
more (1.93 times) affected as oon^ared to flexor hallucis 
longus. These findings coincide with the findings of bovett 
and Sharxard and can be explained by the theory of Xiovett 
(igi7) tliat muscles near the trunk are much mom involved 
as ocmipared to distal ones*. ^ 

Hut as regards incidence of paralysis, knee extenwors 
Cquadfi^eps) and tlMalis anterior followed by hip adduc* 
tors are much frsKpently paralysed while the distal groi 9 » 
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of muselos were again at the laottoia of the table. Intrinsic 
muscles of foot were least frequently paralysed (only In 
8 limbs as compared to quadriceps which was affected in 
142 limbs i,a» 17*75 times more)* 

These findings differ at scwne points with the findings 
of Sharraxd* He noted that the largest number of paralyses 
were found in the distal group of muscles# He explained 
this stating "the severity of paralysis is proportionate 
to the weight to be met by the muscles at different levels* 
It may retard the recoweiy of those muscles which are 
working against greatest weight". But he failed to explain 
his cnm findings of very low incidence of paralysis in the 
intrinsic muscles of foot irtiich by previous 'explanation : 
should be the most frequently paralysed* 

SIcinhoj (1949) oontradicted above explanation saying - 
"there is no quality of the muscles such as size* function* 
position in the limb or phylogenetic development that can 
satisfactorily «icplain the frequent affection of some 
muscles and the high prc^>ortion of paralysis in others* 

But we can explain the findings of present study by 
the previous reasoning that muscles near the trunk are much 
frequently affected* That is why distal muscles are least 
frwiuently affected as well as paralysed* But we can not 
explain the frecpamat peralyais of quadriceps and tibialis 
anterior as coppared to flexors and extwisors* 
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some muscles are supplied by Shorter columns of cells 
than others. But the root supply as a guide to the length 
of a muscle coluim may be deceptive. The tibialis anterior 
is si^splied from the 4th and 5th limtoar segments but the 
supply from the 5th segment is OTall and the motor cell 
column is very: short. The upper lumbar segments are more ' 
than twice as long as their numerical counterparts in the 
sacral segments, so m muscle supplied by all of the first 
and second lumbar segments has a column twice as Icwig as a 
muscle supplied by the first and second sacral segments* 

According to Sharrard. (1955) the segra«ital dlstributicm 
of muscles affected and muscles paralysed show that the 
second and third 'ItmOmr tpinal segments were most 
frequmtly affected while fourth lumbar segmmit was most 
comnionly involved in complete paralysis* 

Daring our study, when segmmtal incidence of affection 
was seen, the first Itnbar spinal segment was most frequen* 
tly affected followed by second and third lumbar segments* 
The fifth lini>ar segment was least frequently affected. But 
in case of segamtal incidimce of paralysis, the second 
and third Itmtbar spinal segments were »K>st frequently 
paralysed followed by the first lumbar* The second sacral 
spinal segmeht was limst frequently paralysed* 

la preset slmdy^ we got approximately »mm results 
as of ttiararatfd ClfSS)# The gpiadrlceps# tibialis anterior 
and itfditetors were most susceptible followed by hip 
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extensors and tibialis posterior. Distal group of muscles, 
having least susceptibility. 

Sharrard £1975) regarded policaayelltic paralysis as 
a haphazard affection of muscles# most freguwit in the leg* 
In the cord lesion it appears to have a purely accidental 
distribution nwast marked in the lumbar enlarg<went* It is 
possible# however# that there are other factors than the 
cord lesion which determine the ultimate condition of the 
affected muscles* 

When association among different muscles or muscle 
groups was seen# it gave clear Interpretation that 
involvanent was extensive -pr diffuse in nature# in place 
of patchy. It gives a false impression about the nature 
of poliomyelitic involviffifmt# not being of patchy dlstr- 
ibution* But the involvaiient# in this particular geogra- 
phical distributicfia of Bundelkhand region was extensive* 

At first sanitary conditiems are not adequate and even 
worse In rural areas* Which is st:®>eriii^os«d by inadequate 
health services# th<^ get. in rural areas the affected 
child As treated hy quacks without making diagnosis* 

Again massage imd Injectibles are given to the patient 
without knowlnf its consequences# c<mtrary to rest and no 
injection pricks# which aggravates the paralysis and 
hai^eir museia recovery* As an outcome loore number of 
wmmeHm of affectimS liaib are involved and with no or 

a picture of such extensive 

jfe -4..^.^ ^ iiii eisirti nmn itAii llliliii 
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Associated paralysis nay be etxplained as follows - 
•In nuclear representatican in the spinal cord, the 
colunans for associated rouiKSles lie side by side and 
extend over approximately the same length of cord. If 
one of the nuclei is coi^letely destroyed by poliomyelitic 
affection. It is very likely that the other will be 
destroyed also. Hence, these muscles are associated in 
paralysis and coversly in freedcra frotE paralysis 
(Sharrard 1955), ^ 

The pattern of paralysis can be correlated with the 
existence of apprcqpriate focci of destruetiem in the motor 
cell columns of the spinal cord. If for instance, all the 
motor cells in lumbosacral cord are destroyed, excie^t for 
those in the 3rd sacral segment, the common flail limb, 
in which only the intrinsic muscles of the foot are 
active, will result* A focus of destruction limited ta> 
the- c«ntral part of the second, third and fourth lumbar 
segmmfits produce paxmlysis of quadrioeps and tibialis 
anterior* 



CONCLUSION 
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CCKCLUGIOHS 

A siaidy of two Ii«in3red and ninty patients hirring 
post-pollo residual paralysis was carried out* Patient* 
wm examined clinically for involvement of differimt 
iBUscles and muscle charting was done accordingly* After 
interpretation of collected data, following conclusion# 
were drawn i 

1* Age of involvara«nt is maottnium in 'below one year* 
of age gro«|> and Incidence decreased sharply above 
ten years* 

2* Male# always predestinated more than three time## 
in frequency of Involvement when conpared with 
females* 

3# Upper liHib involvement was negligible (5*4 percent) 
in coHi»rlslon to lower llato <94*6 pere<mt) * 

4* Unilateral involvement wa* much more common then 
bilateral involveebsnt* Left upper limb was moat 
cowKJnly involved idiil® both .lower liarib* were 
affected equally* - ■ . 

5* The Involvemeat was on the whole more frequent at 
the hip and diminished In frequency towards the 
footl that is the iis^ividual muscles in the i^per 
segment were more oftei| affected than in the lower* 
6* incidence of affectlcm was maximum in Mp flexors 

followed quadriceps* hip abdactors end tibialis -*• 
anterior end least in distal groeqp of imrsolCNi* 
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7« Incidence of paralyais was maximum In quadricerps 
followed by tibialis anterior, hip adductors .and- 
hip flexors* Distal grot^> of muscles was again 
least paralysed* 

8* The quadriceps# tibialis anterior and hip abductors 
showed maximum susceptibility to paralysis. 
Intrinsic muscles of foot were the least 
susceptible* 

9* Extensive diffuse involvement was much more ccwanon 
as ccsnpared to patchy involv«nent* 

10. Segmental incidence of affection was maximum in 
first lumbar spinal segment followed by second 
and third lumbar spinal segments* Second sacral 
segment liras least involved* 

11. Segmental incidence of paralysis was maximum in 
second aiKl - third lumbar spinal segmaits and 
least in second sacral s©i^€sit. 
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